Neurocysticercosis is a common disease in underdeveloped countries. Its diagnosis is based on clinical, imaging (tomography or magnetic resonance), epidemiological, and laboratory data. Several methods based on the detection of antibodies against cysticerci in cerebrospinal fluid or serum have been tested. Among them, an enzyme-linked immunosorbent assay (ELISA) based on the use of a crude parasite antigen has been used by the laboratory network of cysticercosis in Mexico, which has given support to clinicians for up to 7 years. A Taenia solium-specific glycoprotein-based electroimmunotransfer blot (EITB) assay was reported to be highly sensitive and specific for this purpose. In order to compare both techniques, we studied 100 neurocysticercosis patients and 70 neurological noncysticercosis controls and searched for specific antibodies in paired samples of serum and cerebrospinal fluid using both techniques. We found that the EITB assay is more sensitive than the ELISA, especially when serum is being tested. Both techniques are more sensitive in cases with multiple living cysts than in cases with single cysts or calcified lesions. No global differences among cases with parasites located in different parts of the central nervous system were found. In the patients with cysts within the parenchyma, the sensitivity of the EITB assay was higher with serum than with cerebrospinal fluid. The immunodominant bands were found to be the same as those previously reported, i.e., GP-39 to -42, GP-24, and GP-13. Based on these results, we suggest the use of the EITB assay in routine diagnosis of cysticercosis for clinical cases.
Taeniasis and cysticercosis caused by Taenia solium, the pork tapeworm, are widespread infections in Latin America, Africa, and Asia (6) . The disease in humans (neurocysticercosis [NC] ) is caused by the metacestode, which develops within the central nervous system. It is often disabling and sometimes fatal. Diagnosis of cysticercosis is suggested by clinical, epidemiological, and serological findings (3), but magnetic resonance imaging or computed tomograpy (CT) scans are the most sensitive and specific diagnostic tools (14) . To support them, several laboratory methods have been standardized, which are based on the detection of antibodies against cysticerci or parasite antigens in the cerebrospinal fluid (CSF) or the serum (2) . Among them, the electroimmunotransfer blot (EITB) assay developed at Centers for Disease Control and Prevention (15) has the highest sensitivity in serum. This test develops up to seven glycoprotein bands which are specific for T. solium cysticercosis.
In Mexico, NC was recognized as a problem of public health several years ago (7) . The Central Laboratory of the National Network for Diagnosis of Cysticercosis (10) gives support to clinicians of second-and third-level hospitals of the country to diagnose this disease and to epidemiologists for field studies. The method that has been used up to now is an enzyme-linked immunosorbent assay (ELISA) which is based on the use of a crude antigenic extract of the parasite and has a lower sensitivity in serum than it does in CSF (4). Even so, this technique is easy to perform and is convenient for quality assurance procedures in a laboratory network. In order to incorporate the best technology available into routine diagnosis, the EITB assay was adapted and compared with the ELISA, so the performance was simultaneously tested for both assays. Here we report the results of this comparison and some characterization of the response of the patients in relation to number, type, and localization of parasites within the brain.
MATERIALS AND METHODS
One hundred patients with NC and 70 controls with other neurological disorders were prospectively studied in the Neurocysticercosis Clinic of the Medical Research Unit for Neurological Diseases at the Hospital of Specialties of the Medical Center of the Social Security Institute of Mexico. Ninety-four NC cases were diagnosed according to the consensus criteria recently proposed (3): 15 of them by surgical removal of the parasites (absolute criterion) and the rest by magnetic resonance imaging and CT scan images compatible with cystic NC, plus positive response to cestocidal treatment (two major and one minor criteria). The six cases with calcifications were corroborated by CT scans exclusively, since this method has been shown to be the best in terms of sensitivity and specificity (14) . The patients were grouped according to the number, type, and localization of the parasites. The age range was 17 to 71 years (median ϭ 38 years) and 16 to 96 years (median ϭ 44 years) while gender distributions were 50 males and 50 females and 36 males and 34 females for cases and controls, respectively.
Paired samples of serum and CSF were obtained from all individuals at admission and before any treatment was given. The samples were coded and analyzed by an independent person at the laboratory, by ELISA according to the method of Espinoza et al. (4), and by EITB assay as reported by Tsang et al. (15) .
The first of these methods is based on the use of a crude extract of the metacestode, at 1 g/ml, with serum samples diluted 1:1,000 and CSF samples diluted 1:10, and samples are developed with commercial alkaline phosphatase-conjugated anti-human immunoglobulin G. The cutoff point is routinely calculated as the mean of the negative controls of each plate, plus 3 times the standard deviation of at least 50 serum samples from healthy people or of CSF samples from noncysticercosis neurological patients. For EITB assay, T. solium-specific glycoproteins are isolated by lentil-lectin-affinity chromatography (15) , subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis under nonreducing conditions, and transferred to nitrocellulose membranes. Membrane strips are incubated with serum samples diluted 1:50 or CSF samples diluted 1:10. The reaction is completed with peroxidase-conjugated anti-human immunoglobulin G and H 2 O 2 -diaminobenzidine as substrate-chromogen. The development of one of the seven specific bands on the nitrocellulose membrane is sufficient to consider the sample positive.
Chi-square or Fischer exact tests were used to determine statistical significance of differences found in frequency (5) .
RESULTS
The efficacy of ELISA and EITB tests for diagnosis of NC was evaluated (Table 1) . EITB assay is more sensitive although less specific than ELISA in both samples. In ELISA CSF was more useful for diagnosing cases, while EITB assay was equally sensitive using either sample. The performance of the tests also depended on the number and type of lesions ( Table 2) . As expected, both tests had higher sensitivity in cases with multiple lesions compared to those with a single cyst, and much lower sensitivities were observed when the patients harbored calcified (i.e., dead) parasites.
The predictive values were calculated for the present study and for the prevalence reported for two other populations: neurological patients at a reference hospital (8.6%) and autopsies at a general hospital (2.4%) (12) . The positive predictive value was higher for EITB assay in serum and lower in CSF, compared to ELISA. However, it remained high in both samples. As expected, this parameter decreases when the prevalence is lower, and the differences between ELISA and EITB assay became more evident (Fig. 1A) .
The negative predictive value of ELISA was considerably low in both samples of the patients studied herein. At the lower prevalence this parameter augmented to levels close to 100%, and the differences between samples and techniques disappeared (Fig. 1B) .
The EITB assay gives up to seven different specific bands with positive samples. The frequency of recognition of these bands by all patients and by subgroups classified according to type and number, or localization of lesions is depicted in Table  3 . The more frequently recognized bands by the antibodies of the patients were GP-39 to -42, GP-24, and GP-21. It is also apparent in the table that the group with multiple cysts reacted to the larger number of bands. In cases with single cysts the sensitivity of the test was higher in serum, especially when looking at the GP-39 to -42 and GP-24 bands. Even though the same immunodominant bands were observed, patients with calcified lesions presented a low level of recognition for both samples, but especially serum. As can be seen in the same table, there is a significantly higher recognition of GP-39 to -42 and GP-24 by serum as opposed to CSF for the cases with parasites localized in the brain parenchyma. These differences were not seen in cases with parasites lodged in the subarachnoid space, the ventricles, or multiple sites.
DISCUSSION
The main objective of the present work was to evaluate the more successful test reported up to date in the literature, i.e., the EITB test, for diagnosis of cysticercosis. There is no previous comparison of this method with others routinely used in a blinded study with a large sample of cases and controls. We found some expected results: EITB assay is more sensitive than ELISA, especially in serum (16) . This is very important for diagnosis of clinically suspected cases, and more relevant when patients with mild symptoms, who do not normally warrant a CSF sample, are being diagnosed.
A low sensitivity was observed with either technique in cases with low number of cysts or calcified lesions only. This was also reported by Espinoza et al. (4) The specificity of the EITB assay was lower than the one of the ELISA. The possibility that there were cases of NC within the control group is low, but we could not discard the possibility that they harbored extracerebral cysticerci or had been in contact with the parasite without acquiring infection; values above 7% have been reported in healthy people of the country (8, 13) . Also, at least 19% of the persons who harbor an adult T. solium tapeworm have specific antibodies against these glycoproteins (1). The positive predictive values calculated for serum of a low-prevalence population (2.4%) are in agreement with the ones found in an open population of a region of hyperendemicity. They reported that ELISA gave a positive predictive value of around 5% and that the EITB assay gave a positive predictive value of 27% (13) . These results support the notion that the utility of antibody detection assays in epidemiological studies is restricted to locating transmission "hot spots" and not specific cases. This is a problem to solve for epidemiological studies, rather than for support of clinical diagnosis, since antibody detection is considered confirmatory in The pattern of the glycoproteins found also resulted as expected; GP-39 to -42, GP-24, and GP-13 have been recognized as the immunodominant bands of this test (14) . Here we found that the same pattern is obtained regardless of the type, number, or localization of the parasites within the central nervous system. The EITB assay was more sensitive than the ELISA; thus, we would recommend its use for clinical patients routinely. Also, this technique is the one commonly used in several countries of the world, so it makes it easier to compare data from different regions. Nevertheless, major concerns for the use of this technique are its complexity, time of execution, and cost. While ELISA is based on the use of a crude extract, the EITB assay requires isolation of glycoproteins by affinity chromatog- raphy, as well as electrophoresis and transfer of proteins. Thus, while ELISA can be accomplished in 20 h and costs around $2.00 per sample, EITB assay requires almost 2 weeks, sophisticated equipment, and highly skilled personnel; thus, it is up to 10 times more expensive. This is especially important for developing countries like Mexico, when dealing with laboratory networks, since quality control is easier to perform in an ELISA format. The efforts made to clone and use the immunodominant bands in ELISA are expected to yield a sensitive but easier and cheaper test (9, 11) .
